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There i s  a need fo r  l a r g e  amounts o f  power t o  be d e l i v e r e d  r a p i d l y  i n  a number 
o f  a i r b o r n e  and space systems. Conven t iona l ,  p o r t a b l e  power sources,  such as 
b a t t e r i e s ,  a re  n o t  s u i t e d  t o  d e l i v e r i n g  h i g h  peak power pu l ses .  The charge 
s t o r e d  a t  t he  e l e c t r o d e - e l e c t r o l y t e  double l a y e r  i s ,  however, much more 
access ib le  on a s h o r t  t ime  s c a l e .  Devices e x p l o i t i n g  t h i s  concept have been 
f a b r i c a t e d  u s i n g  carbon (SOH101 and meta l  o x i d e s  (P innac le  Research) as t h e  
e l e c t r o d e s  and s u l f u r i c  a c i d  as t h e  e l e c t r o l y t e .  
One problem w i t h  u s i n g  a s o l i d  e l e c t r o d e  and a l i q u i d  e l e c t r o l y t e  module i s  
t h e  p o s s i b i l i t y  o f  leakage o f  t h e  e l e c t r o l y t e  because o f  t h e  r u p t u r e  o f  sea ls  
due t o  p ressu re  e x t e r n a l  changes, overcharge,  and o t h e r  f a c t o r s .  The s u l f u r i c  
a c i d  e l e c t r o l y t e  i s  h i g h l y  c o r r o s i v e ,  and leakage would be expected t o  l e a d  t o  
premature f a i l u r e  o f  the  module. 
l i q u i d  s u l f u r i c  a c i d  e l e c t r o l y t e  w i t h  a s o l i d  ionomer e l e c t r o l y t e .  The 
cha l l enge  i s  to  form a s o l i d  e l e c t r o d e - s o l i d  ionomer e l e c t r o l y t e  composi te  
which has a h i g h  c a p a c i t a n c e  p e r  g e o m e t r i c  a rea .  
The approach r e p o r t e d  here  rep laces  t h e  
The approach t o  maximize c o n t a c t  between t h e  e l e c t r o d e  p a r t i c l e s  and t h e  
ionomer has been t o  impregnate t h e  e l e c t r o d e  p a r t i c l e s  u s i n g  a l i q u i d  ionomer 
s o l u t i o n  and t o  bond the  s o l v e n t - f r e e  s t r u c t u r e  t o  a s o l i d  ionorner membrane. 
Ruthenium d i o x i d e  i s  the  e l e c t r o d e  m a t e r i a l  used and i s  p repared i n  powder 
form by thermal  decomposi t ion o f  RuC13 i n  t h e  presence o f  a f l u x i n g  agent .  
The ionomer s o l u t i o n  chosen f o r  t h e  i n i t i a l  phase o f  the  work c o n t a i n s  
N a f i o n  117 ( N a f i o n  ionomers a r e  p e r f l u o r o s u l f o n a t e d  ionorners made by 
E .  I. DuPont). I t  i s  purchased as a 5% s o l u t i o n  i n  a l coho l -wa te r  s o l v e n t .  
Three s t r a t e g i e s  a r e  be ing  pursued t o  p r o v i d e  for a h i g h  a rea  e lec t rode- ionomer  
c o n t a c t :  
f o l l o w e d  by evapora t i on  o f  the  s o l v e n t ,  ( 2 )  m i x i n g  o f  t h e  RuOx w i t h  a l a r g e  
amount o f  ionomer s o l u t i o n  f o l l o w e d  by  f i l t r a t i o n  t o  remove the  s o l v e n t ,  and 
( 3 )  impregnat ion  o f  the  ionomer i n t o  an a l r e a d y  formed RuOx e l e c t r o d e .  
( 1 )  m i x i n g  o f  the  RuOx w i t h  a smal l  volume o f  ionomer s o l u t i o n  
A f t e r  impregnat ion  and s o l v e n t  removal ,  e l e c t r o d e s  a r e  bonded t o  a N a f i o n  117 
membrane and t h e i r  e lec t rochemica l  behav io r  i s  examined by c y c l i c  vo l tammet ry  
and AC impedance techn iques .  The r e f e r e n c e  (Hg/HgS04> and coun te r  e l e c t r o d e s  
a r e  i n  1M H2SO4. Voltammograms showed the  b e g i n n i n g  o f  vo l tammet r i c  waves a t  
-0.275 V and +0.65 V v s .  Hg/HgSOq. The c a t h o d i c  wave i s  due t o  t h e  r e d u c t i o n  
o f  RuOx w h i l e  the  anode wave i s  l i m i t e d  t o  t h e  b e g i n n i n g  o f  oxygen e v o l u t i o n .  
The 0.925 V window between these r e a c t i o n s  r e p r e s e n t s  t h e  usab le  v o l t a g e  
range. Capaci tances were d e r i v e d  by  p l o t t i n g  c u r r e n t  d e n s i t y  vs.  sweep r a t e  
a t  0.1 V vs .  Hg/HgS04. 
RuOx powder and e l e c t r o d e s  have a l s o  been examined by  non-e lec t rochemica l  
techn iques .  X-ray d i f f r a c t i o n  has shown t h a t  t h e  m a t e r i a l  i s  a lmost  pure  
Ru02. 
s t r u c t u r e  depends on the  p rocess ing  techn ique  used t o  i n t r o d u c e  t h e  Naf ion.  
Impregnated e l e c t r o d e s  have N a f i o n  concen t ra ted  near  the  su r face .  
prepared by the  evapora t i on  method show l a r g e  aggregates o f  c r y s t a l s  
Capaci tances o f  up t o  60 mF/cm2 have been observed.  
BET su r face  area  o f  t h e  powder i s  a p p r o x i m a t e l y  50 m2/g. The e l e c t r o d e  





surrounded by Nafion. 
electrode-electrolyte contact. 
Research is focusing on methods’ t o  make more uniform 
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